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© More efficient encoding/decoding in decompos- 
ing and decomposing a high resolution image is 
obtained by employing a unique pixel cluster ar- 
rangement. The pixei clusters of an image are clas- 
sified as one of a plurality of classifications. A unique 
encoding/decoding technique is assigned to each 
classification. In one embodiment, a cluster including 
at least one high resolution pixel to be recompcsed 
from a corresponding low resolution pixel which is a 
so-called exception to general prediction rules is 
classified as a first classification. A cluster including 
no pixels which are exceptions is classified as a 
second classification. Supplemental information is 
encoded/decoded for ail pixels in a cluster classified 
as the first classification. Pixels in the cluster clas- 
sified as the second classification are 
encoded/decoded according to the general predic- 
tion rules. 
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EFFICIENT ENCODING/DECODING IN THE DECOMPOSITION AND RECOMPOSITION OF A HIGH RESOLU- 
TION IMAGE 



Technical Field 

This invention relates to transmission and/or 
storage of images and. more particularly, to effi- 
cient encoding. decoding of image information. 



Background of the Invention 

Recently, there has been a rapid increase in 
the transmission and/or storage of image informa- 
tion and the like. This has been especially true in 
the use of facsimile. Additionally, use of high reso- 
lution monitors for generating a soft copy and/or 
browsing of the image information has resulted in 
additional requirements being placed on digital 
transmission and/or storage interfaces, in certain 
applications, rapid progression from a Sow resolu- 
tion replica to a high resolution image is desirable 
and sometimes necessary. In order to improve 
encoding/decoding efficiency and speed, prior ar- 
rangements were employed which decomposed a 
high resolution image into a Sower resolution replica 
and so-called suopiemenial information. The sup- 
plemental information was required to later recom- 
pose the low resolution repiica into the high resolu- 
tion image, in one known prior arrangement, sup- 
plemental information was generated only for pixels 
(picture elemenis) determined to be in a predeter- 
mined relation with their neighboring pixels, L e.. at 
an edge. Pixels that no not satisfy the above con- 
dition but that were determined to require sup- 
plemental information were forced to satisfy the 
above condition by modifying the image reduction 
ruies. That is, the reduction rules were modified to 
force a pixel to satisfy the above condition when- 
ever the prediction rules would cause a decoder to 
otherwise improperly recompose the high resolu- 
tion image. See, for example, our United States 
patent 4,870,497 issued September 26, 1389 for 
one such prior arrangement. 

A serious limitation of such a prior arrangement 
is that the prediction rules used to determine if 
supplemental information was required to be gen- 
erated and encoded were based and dependent on 
the particular properties of the image reduction 
rules. Therefore, if the image reduction rules were 
changed, the prior prediction ruies could not be 
used. Thus, any change in the image reduction 
rules would require development of a new set of 
prediction rules. This interdependence of the image 
reduction rules and the prediction ruies is undesira- 
ble. 

More recently, the interdependence between 



the reduction rules and the prediction ruies was 
eliminated. This is achieved by employing so- 
called generai prediction rules to determine if the 
pixels to be recomposed are so-called typically 

5 predictable or non-typically predictable. Typically 
predictable pixels which would be improperly re- 
composed by using the generai prediction rules are 
identified as exceptions. The non-typically predict- 
able pixels and the typically predictable pixels that 

io are exceptions require suoplementaf information to 
properiy be recomposed. An exception was re- 
quired to accompany each pixe! identified as an 
exception. This, in turn, required the encoding and. 
subsequent, decoding of the exceptions. This en- 

:5 coding and decoding caused complexity and was 
inefficient. Thus, although this arrangement oper- 
ates satisfactorily in many applications, its com- 
plexity and inefficiency renders it undesirable for 
other aooiications. 



Summary of the invention 

The limitations and other problems of the prior 

25 known prediction arrangements used in image de- 
composition and recomposition are overcome, in 
accordance with an aspect of the invention, by 
grouping a number of pixels into so-called clusters 
and by classifying each cluster as having one of a 

30 plurality of classifications. 

In one embodiment employing two classes of 
clusters, a cluster including' at least one so-called 
typically predictable pixel identified as an exception 
.to the general prediction rules is classified as hav- 

35 ing a first classification and is identified as such by 
an accompanying first classification flag. A cluster 
including typically predictable pixels with no excep- 
tion and/or non-typically pixels is classified as hav- 
ing a second classification and is identified as such 

•*o by an accompanying second classification flag. 
Supplemental information is generated for all pixels 
in clusters having the first classification. Otherwise, 
supplemental information is only generated for non- 
typically predictable pixels, 

45 In recomposing a "high" resolution image, the 

high resolution pixels are recomposed, in accor- 
dance with an aspect of the invention, by employ- 
ing the classification flags of the clusters. If a 
cluster has the first classification flag, all of the 

so high resolution pixels are recomposed from the 
accompanying supplemental information. If a clus- 
ter has the second classification flag, the high 
resolution pixels are recomposed in accordance 
with the general prediction ruies and if they are 
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non-typically predictable pixels, from the accom- 
panying supplemental information. 

Brief Description of the Drawing 



in the Drawing: 

FIG. 1 shows, in simplified block diagram 
form, details of a progressive image transmission 
and/or storage system which advantageously em- 
ploys aspects of the invention; 

FIG. 2 depicts in graphic form a high resolu- 
tion image and a corresponding low resolution rep- 
lica useful in describing embodiments of the inven- 
tion: 

FiG. 3 snows, in simoiified blocx diagram 
form, details of one cf the decern position proces- 
sors employed in the embodiment of FIG. 1; 

FiG. 4 is a graohicas representation of por- 
tions of a high resolution image and a low resolu- 
tion "repiica useful in describing aspects of the 
invention; 

FiG. 5 is a tabie oepicting a so-called group 
pixel assignment and super pixei assignment useful 
describing an embodiment of the invention; 

FiG. 6 illustrates a flow chart depicting the 
generic operation, in accordance with an aspect of 
the invention, of the decomposition processor im- 
plementation cf FIG. 3; 

FIG. 7 is a flow cnart of the generic subrou- 
tine CC-TG used in the operation of the deccmoo- 
siiion processor illustrated in the flow chart of FiG. 
6 which, in accordance with an aspect of the inven- 
tion, classifies the clusters; 

FIG. 3 is a flow chart illustrating operation, in 
accordance with an aspect of the invention, of the 
decomposition processor of FIG. 3; 

FIG. 9 and FiG. 10 when connected A-A 
form a flow chart of subroutine CC-T used in the 
operation of a first illustrative embodiment cf the 
decomposition processor illustrated in the flow 
chart of FIG. 4 which, in accordance with an aspect 
of the invention, classifies clusters; 

FIG. 1 1 shows, in simplified block diagram 
form, details of one of recomposition processors of 
FiG. 1; 

FIG. 12 illustrates a flow chart shewing the 
generic operation, in accordance with aspects of 
the invention, of the the recomposition processor 
implementation of FIG. 1 1; 

FIG. 13 is a flow chart of the generic subrou- 
tine CC-RG used in the operation of the recom- 
position processor shown in FIG. 11 which, in ac- 
cordance with an aspect of the invention, recom- 
poses pixels from the clusters; 

FIG. 14 is a flow chart illustrating operation, 
in accordance with an aspect of the invention, of an 
embodiment of the recomposition processor of FIG. 



11; and 

FiG. 15 is a flow chart of sucroutine CG-R 
used in the operation of the illustrative embodiment 
of the "ecompesition processor illustrated in the 
flow chart of FIG. 14 which, m acccrcance with an 
aspect of the invention, rec imposes oixels in tne 
clusters. 



Detailed Description 



FIG. 1 shows, in simplified block diagram term, 
details of a progressive image transmission anc. or 
storage system which ad van tag ecu si y empfevs as- 
;s peers of the invention. Accordingly, shown are : m- 
age source iQl. transmitter :02, transmission net- 
work and/or storage unit 1 03. receiver 104 and 
image cutout un;t 105. 

Image source 101 prove es. : n th.s examc-ie. a 
20 desired high resolution :mage anc may be. -'or 
exampie. either a scanner or a data base. Cne 
such scanner wr.ich may acvantacecusiv be em- 
ployed is manufactured by -Cannon and is des- 
ignated iaser cooler scarcer N'P-9030. The, images 
25 to be transmitted may also be stereo in ,a caia 
base on, for exampie. either a magnetic disc, or an 
optical disc, in this example, not to be construed as 
limiting the scope of the invention, the high resolu- 
tion image 10 includes 400 acts per :nch and has 
30 M~ columns and Nc rows and inciudes M c :< N; 
pixels, as shown in FIG. 2. A so-called super p : xei 
in high resolution image 10 includes a block of 
"high" resolution pixeis. Although any desired 
number of high resolution oixeis from a plurality of 
35 columns and rows may be grouoed to form a super 
pixel, in this exampie. it has been convenient tc 
group four (4) high resolution pixels into a super 
pixel. Thus, in this exampie. a super pixel includes 
a bfock of four high resolution pixeis. namely, r.O- 
-c (m.n), h0(m,n-!-1) : h0(m-?-l.n) and hOfrn - 1 .n - i ; : 
-where m and n are the row and coiumn indices, 
respectively, in the original high resolution imace. 
In this example, when the Cannon scanner is em- 
ployed to scan the original image, at 400 dots per 
J5 inch, it yields M 0 = 3456 ceiumns and N 0 = 4672 
lines for an A4 standard size document. 

Also shown in FIG. 2 are clusters of pixeis and 
a grouping of pixeis employed to determine if 
pixeis are typically predictable cr non-tyoicalfy pre- 
so dictable. In this exampie, not to be construed as 
limiting the scoce of the invention, tne clusters 
comprise a number of rows of pixels in the high 
resolution image and a corresponding appropriate 
number of rows of pixeis in the low resolution 
55 replica. It will be apparent that other cluster con- 
figurations could also be used in practicing aspects 
of the invention. 

The high resolution oixels are supplied frcm 



3 



5 EP 0 402 016 A2 6 



image source 101 to transmitter 102 and, therein, 
to decomposition processor 106-1. Decomposition 
processor 106-1 operates, as described below, to 
generate a low resolution replica 11 of the high 
resolution image, also shown in FIG. 2. Thus, the 
high resolution image I0 is decomposed into lev/ 
resolution replica !1 having Mi rows and N: col- 
umns plus supplemental information Sll and clas- 
sification flag F1. In this example, M« = M 3 /2, N- 
= M 0 /2 and the resolution of low resolution replica 
11 is 200 dots/inch. As shown in FIG. 2. low resolu- 
tion replica 11 has an imaginary reference column 
cf pixels to the left of column l = 0 and an imagi- 
nary reference row of pixels above row k = G, where 
i and k are the column and row indices, respec- 
tively. In this example, the pixels in the imaginary 
reference column and row are chosen to be white. 
The decomposition from high resolution image 10 
tc low resolution replica II is realized by 'replacing 
every super pixel including high resolution pixels 
h0(m,n), h0(m + 1 : n), h0(m.n + 1 ) and h.Ofm - 1 ,n -M ) 
in image 10 with a single low resolution pixel L1- 
(k.i). The difference between the originai high reso- 
lution image 10 and the "lev/ resolution repiica 11 is 
the supplemental information S11 required to up- 
grade the lower resolution replica into a higher 
resolution image. It should be noted that the sup- 
plemental information for lew resolution pixeis is 
generated, in - accordance with an aspect of the 
invention, for all low resolution pixels in a cluster 
classified as being in the first classification and for 
non-typicaily predictable pixeis in a cluster clas- 
sified as being in the second classification. Genera- 
tion of the supplemental information is described 
below with respect to the decomposition process. 

Transmitter 102 includes a number of decom- 
position processors, in this example, decomposition 
processors 106-1, 106-2 and 106-3. Although three 
decomposition processors are shown, in this exam- 
pie, it will be apparent that any desired number 
may he employed depending on the particular ap- 
plication. Indeed, a singie decomposition process 
106-1 could be employed, if desired. Each of de- 
composition processors 106-1 through 106-3 de- 
composes a 'high" resolution image into a "low" 
resolution replica. As described above, FIG. 2 illus- 
trates the relationship between the high resolution 
image 10 and the low resolution replica 11 gen- 
erated by ■ decomposition processor 106-1. The 
"high" resolution image supplied to decomposition 
processor 106-2 is low resolution replica 11 from 
decomposition processor 106-1. In turn, decompo- 
sition processor 106-2 generates low resolution 
replica 12 which, in turn, is supplied to decomposi- 
tion processor 106-3 as its "high" resolution image. 
Decomposition processor 106-3 generates a so- 
called basic low resolution repiica 13. The relation- 
ship between the pixels in each "high" resolution 



image and "low" resolution replica is identical to 
the relationship between pixels in 10 and 11 as 
shown in FIG. 2 and described above. That is, in 
this example, there is a 2 to 1 reduction in 

5 dots/inch and a 4 to i reduction in pixels for each 
decomposition generated by decomposition pro- 
cessors 106-1 through 106-3. Thus, the resolution 
of the basic iow resolution repiica !3. in this exam- 
ple, generated by decomposition processor 106-3 

:o is 50 dots/inch. 

' The pixels L3(l,k) of the basic low resolution 
repiica 13 are supplied :o encoder 107. Encoder 
107 encodes .the pixels L3(!.k) in well-known fash- 
ion. Specifically, any one of s eve sal known CCITT 

7 5 or other standard encoding tschmcues may be 
employed. One CCITT encoding technique is de- 
scribed in INTERNATIONAL TELEPHONE AND 
TELEGRAPH CONSUTATIVE COMMITTEE 
(CCITT), "Facsimile Coding Schemes and Coding 

20 Control Functions for Grcup IV Facsimile Appara- 
tus". Redbcok, Facsimile VII. 2. Rec.T.3. 1984, 
cages 40-48. The encoded pixei information is sup- 
ciied to multiplexer (MUX) 10S. Also, supplied to 
MKX 108 are encoded supoternental information 

25 and encoded classification flags from each of de- 
composition processors 106-1.106-2 and 106-3. 
namely, encoded supplemental information 511.512 
and 513, respectively, and encoded classification 
flags F1, F2 and F3. respectively. MUX 108 com- 

30 bines the encoded basic pixei information, the en- 
coded supplemental information and the encoded 
Classification flags, in well known fashion, for trans- 
mission and/or storage. To this end. it is noted that 
for transmission applications the encoded supple- 

35 menial information SM,SI2 and Sl3 and the en- 
coded classification flags, F1. F2 and F 3 are mul- 
tiplexed in reverse sequential order. This is neces- 
sary because the lower resolution supplemental 
information and the classification flags, namely, 
S13 and F3. in this example, are- required first in 
recomposing to the originai high resolution image. 

The multiplexed signal is supplied to interface 
109 which interfaces to transmission network 
and/or storage unit 103. The configuration of inter- 
ns face 109 is dependent on the particular transmis- 
sion network and/or storage unit being employed. 
Such arrangements are known in the art. 

The encoded image information is transmitted 
via a transmission network or obtained as desired 

50 from a storage unit and supplied to receiver 104 
and therein via an appropriate interface 110 to 
demultiplexer (DMUX) 111. DMUX 111 demul- 
tiplexes, in well known fashion, the encoded basic 
low resolution pixel information, the encoded sup- 

55 plemental information and the encoded classifica- 
tion fiags. The encoded basic iow resolution pixel 
information is supplied to decoder 11 2, which de- 
codes it in known fashion. Decoder 112 must be 
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compatible with encoder 107 and cne such de- 
coder is described in the article entitled "Facsimile 
Coding Schemes and Ceding Control Functions for 
Group IV Facsimile Apparatus", cited above. The 
decoded pixel information for 13 is supplied to 
recomposition processor 113-3 and :c image out- 
put unit 105. Also supolied to recomposition pro- 
cessor 113-3 are the encoded supoiemental in- 
formation S!3 and encoded classification fiag F3. 
Recomposition processor 113-3 is responsive to 
the basic low resolution pixel information for 13, the 
supplementary information SI3 and classification 
flag F3 to recompose a "high" resolution image 12. 
The relationship of low resolution replica !3 to 
"nigh" resolution image 12 is identical, ic 10 and II.. 
is shown in FIG. 2 and described above. Pixels cf 
the recompesed "nigh" resolution image 12 are 
supplied to image output unit 105 and to recom- 
position processor 113-2. Also supplied to recom- 
position processor 113-2 are the encodeo sup- 
plemental information Si 2 and classification flag 
F2. Recomposition processor .113-2 is responsive 
to the supplied low resolution pixel information for 
12, supplemental information SI2 and classification 
fiag F2 to generate cixeis forming "high" resolution 
image II, in a manner identical to that employed in 
recomposition processor 113-3. The pixel informa- 
tion for image li is supplied tc image output unit 
105 and to recomposition processor 113-1. Again, 
also suppiied to recomposition processor 113-1 are 
encoded supplemental information SH and the en- 
coded classification flag F1. Recomposition proces- 
sor 113-1 is responsive to the suppiied pixel in- 
formation for 11, supplemental information SI1 and 
classification flag Fl tc generate pixels forming the 
original high resolution image 10. The structure and 
operation of recomposition processor 113-1 and is 
identical to recomposition processors 113-2 and 
113-3 and is described below. Pixels forming im- 
age 10 are suppiied to image output unit 105. 

Since pixel information for each or images 10, 
11, 12 and 13 is supplied to image output unit 105. 
any one of the resolution levels can be selected, as 
desired, and the recomposition process can be 
stopped when an acceptable or desired resolution 
has been obtained. 

FIG. 3 shows, in simplified block diagram form, 
details of decomposition processor 106-1. Since 
the operation and structure of each of decomposi- 
tion processors 106-1 through 106-3 is identical 
only decomposition processor 106-1 will be de- 
scribed in detail. Accordingly, decomposition pro- 
cessor 106-1 includes reduction processor 301, 
cluster classifier (CC) 302, supplemental informa- 
tion (Si) encoder 303 and classification flag en- 
coder 304. High resolution pixels from an image, in 
this example I0, are supplied to reduction proces- 
sor 301, CC 302 and SI encoder 303. Reduction 



processor 301 yields low resolution pixels L1(k,l) cf 
low resolution replica 11 from the suppiied high 
resolution pixels. To this end. reduction processor 
301 may employ any desired set of reduction 
5 rules. One possible set of reduction rules wnich 
may be employed are these described in a docu- 
ment entitled "Progressive ceding method for bi- 
levei images", submitted to ;he Joint Si-Ievei Im- 
age Group and identified as ISO/JTC1/SC2/WG8. 
io Document N-75, Dated January 19S9. SI encoaer 
303 and fiag encoder 304 may be any of known 
encoders.. Preferably, the encoders are of the 
arithmetic type which are known in the art. 

CC 302 is employee, in accordance with an 
:5 aspect of the invention, to classify the clusters of 
pixels as being cne of a pturaiity of Classifications. 
In this example, net to be construed as limiting the 
scope of the invention, each cluster is classified as 
being in either a first classification zr a second 
20 classification. The : irst classification is defined as a 
cluster having at least one oixei mat is typically 
predictable and is an exceoticn tc the genera; 
prediction rules. The second classification-, is de- 
fined as a cluster inducing typically predictable 
25 pixels with no exceptions arc. or non-typicaiiy pre- 
dictable pixeis. Fiag encoder 304 generates ar 
appropriate Classification flag F1 indicating the 
classification cf the corresponding cusier. In this 
examoie. classification flag Fl being a logical "1 " 
?o indicates the first classification and :!assification 
flag F1 being a logical "0" incicates the second 
classification. CC 302 generates a signal for en- 
abling SI encoder 303 to encode the corresponding 
supplemental information for all pixels in a' cluster 
25 classified as the first ciassificaticn and for non- 
typically predictable pixels in a cluster classified as 
the second classification. The supplemental infor- 
mation to be encoded induces, in this exampie, 
the colors of the high resolution pixeis si. s2, s3 
-q and s4. 

The prediction rules employed in this embodi- 
ment include the use of a first group of pixeis. in 
conjunction with a current low resolution pixel L1- 
(kj), to determine if the corresponding high resolu- 
~s tion pixels to be recomposed are typically predict- 
able, non-typically predictable or typically predict- 
able which are exceptions to the general prediction 
rules. The group of pixeis assigned, in this exam- 
ple, is graphically illustrated in FIG. 4. The row and 
50 column locations of the pixels of the assigned 
group in the low resolution replica and the super 
pixel assignments in the high resolution image are 
shown in FIG. 5. Thus, in low resolution replica 11 
the group includes low resolution pixels labeled U. 
55 A, D, P, N, K. B and L surrounding the current low 
resolution pixel Ll(k ( l) labeled S. In high resolution 
image 10 the pixels are, in this example, the high 
resolution pixeis forming the high resolution super 
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pixel being decomposed into the current low reso- 
lution pixel labeled S, namely, si , s2. s3 and s4. 
The prediction rules are as follows: 

(a) High resolution pixels to be recomposec 
from the current low resolution pixel labeled S are 
typically predictable and not an exception, if 
U=A=D=P=S=N=K=3=L and 
s1 = s2 = s3 = s4 = S. 

(b) High resolution pixels to be recomposec 
from the current low resolution pixel S are typically 
predictable and an exception. if 
U=A = D = P = S = N = K = B = L and the color of any 
of 31 , s2, s3 or s4 is not the same as S5. 

(c) High resolution pixels to be recomccsed 
from the current low resoiuticn pixel S in conjunc- 
tion with the general prediction rules are non-typi- 
cally predictable, if the color cf any of U. A. D. ? 
N, K, B or L is not the same as S. 

In this example, the co\cr of the nigh and low 
resoiuticn pixels is assumed to be either wnite 
represented by a logical "0" or biac:< representee 
by a logical "1". !t will be apparent that any oiher 
desired colors couid equally be employed. Adci- 
tionaily. all the high resolution pixels are available, 
in this example, from an image source 1 01 and as! 
the low resoiuticn pixels are available from reduc- 
tion processor 301. For subsequent ones of de- 
composition processors 106. the high resoiuticn 
pixels are available from the prior one of decompo- 
sition processors 106. 

FIG. 6 is a flow chart illustrating the generic 
operation of cluster classifier 302. The classification 
process is entered via start step. 601. Thereafter, 
operational block 602 reads the image parameters, 
for example, the size of the image, i. e., the num- 
ber of rows M and columns N to be obtained from 
image source 101 or from a orlcr one of de- 
composition processors 106, the number of clus- 
ters and the size, i. e., the configuration, of the 
cluster. Then, operational bicck 603 causes the 
next cluster of pixels to be read. As indicatec 
above, the clusters couid inciude pixels in any- 
desired configuration. One advantageous configura- 
tion is one row of pixels in the low resolution 
replica which corresponds to two rows of high 
resolution pixels in the high resolution image. Oper- 
ational bicck 604 calls subroutine CC-TG, shown in 
FIG. 7. As explained below, subroutine CC-TG 
classifies the particular cluster, causes the pixels to 
be appropriately encoded and generates the appro- 
priate - classification flag for the classified cluster. 
Conditional branch point 605 tests to determine if 
the image has been completed, i. e.. if all the 
clusters have been read, classified and appropri- 
ately encoded. If the test result is NO, steps 603 
through 605 are repeated until step 605 yields a 
YES result. Then, the process is ended via step 
606. 



FIG. 7 is a flow chart illustrating subroutine CC- 
TG which is a generic classification anc encoding 
process, in accordance with an asoect cf the inven- 
tion. Accordingly, the subroutine is entered via step 

5 701. Then operational block 702 initializes the clas- 
sification type index Y to Y = 0. Conditional branch 
pcint 703 tests whether the current ciuster is type 
Y. If the test resuit is NO, operational c;ccx 704 
sets the classification index to Y= {- 1. Conditional 

:o branch point 705 tests to determine : f there are any 
more classifications. If the test result is YES. steps 
703 through 705 are repeated until either eteo 703 
yields a YES result or step 705 yieics a NO result 
If the test result in steo 703 is YES. the c:js:er is a 

is classification Y type cluster and coeraiicnai block 
706 causes the classification flag for ciuster type Y 
to be sent. If the test resuit in step "05 s NO. the 
cluster is a classification Y-M type ciuster anc step 

706 causes the classification flag 'or raster tyoe 
20 Y-M to be sent, here Y + 1 is the total -umber of 

possible cluster classifications. Operational biccK 

707 causes the pixeis of the ciuster to be encoded 
via the appropriate technicue assigned t: the clas- 
sification of the cluster. Thereafter, control is re- 

25 turned to the main routine of FIG. 5 via step 708. 

Fig. S is a flow chart illustrating operation of 
decomposition processor 106-1 of FIG. 3 for an 
embodiment of the invention. The cluster configura- 
tion employed in this embodiment or the invention 

3C is one including high -eseiuticn cixeis ; n two rows 
of the high resoiuticn image anc a corresponding 
singie row in the low resolution roolica being gen- 
erated. Accordingly, the operational process ;n be- 
gun via start step S01 . Then, operational bicck S02 

35 reads the image parameters, i. e.. the numbers of 
rows M and the number of columns N. Operational 
block 303 initializes the high resolution image row 
and column indices m and n, respectively, to be 
m = n =0. Operational block 804 causes subroutine 

-o CC-T to be called. Subroutine CC-T causes the 
. particular clusters to be classified, the acprocriate 
classification flag to be sent ano the encoding of 
the pixels in the cluster according to the technique 
assigned to the ciuster classification. Details of 

-5 subroutine CC-T are described beiow. Ooerational 
block 805 causes the high resolution row index io 
be incremented by two rows. i. e., sets m = m+2. 
This follows, since the cluster includes two rows of 
pixeis in the high resolution image. Then, con- 
so ditional branch point 306 tests ;c determine if the 
image has been completed, i. e.. if m>M. if the test 
result is NO, the image has not been completed 
and steps 804 through 806 are repeated until step 
806 yields a YES result. Then, the operational 

55 process is ended via step 807. 

FIG. 9 and FIG. 10 when connected A- A form a 
flow chart of subroutine CC-T illustrating operation 
of one embodiment cf the invention, in this em- 
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bocimern, tne c:us:e r s are seine classified as eitner 
classification zero W or classification one (1). 
Again, a dusie" is Classified as classification zero 
when al! the pixeis : n tne cluster are typicaiiy 
p^ecictaole with no exc action and/or non-typicasiy 
predictable. A c;uster is classified as classification 
one v/nen it includes a: >east one typicaiiy predict- 
able o:xei which is ar exception to the general 
prediction ru.es ossenbec hereinbefore. 

Accordingly, subroutine CC-T is entered via 
step 901. Then, ooeraticnai block 902 initializes the 
high resolution image coiumn : ndex tc oe n = 0 and 
the low resolution reoiica row index to ce k = m/2. 
Ooeraticnai blocx 903 sets the iow resolution rep- 
iica coiumn index tc ce s = n,-2. Conditional branch 
point 904 rests to determine if the current tow 
resolution pixel L0(k.!? being processed is typically 
predictable \r azcoroar.ee witn the genera! predic- 
tion ru;es oescribed above. !f the test result in steo 

904 is YES. the current iow resciution oixe! is 
typically precictaoie anc conditional branch point 

905 tests :z determine if it is an exception to the 
general prediction ruies. As described above, a 
typicaiiy predictacie pixei is an exception, if the 
corresponding high resolution pixels cannot be 
properly recorr.ocseo by using the genera: oredic- 
tion ruies. if the test -esuit in step 905 is YES, the 
pixel is an exception anc, consecuentiy, the cluster 
is classified as being classification one. Thus, coer- 
ational hiocx 908 causes the ciassification flag for 
the current Cluster to be FLAG = 1 identifying the 
current cluster as be:ng a classification one tyce. 
Operational oicck 9G7 causes the ciassification flag 
Fl tc be sent as an cutout. Returning to steo 904, if 
the test result is NO. the current low resolution 
pixei being processed is a non-typicatiy predictable 
one and operational biock 90S causes the coiumn 
index in the high resolution image to be incre- 
mented by two, i. e. ; r = n + 2. This follows because 
a iow resolution oixe! is derived from high resolu- 
tion pixeis in two columns and two rows of the high 
resolution image. Similarly, returning to step 905, if 
the test result is NO. the oixe! is typicaiiy predict- 
able and not an exception to the general prediction 
rules, as described above. Operational biock 90S 
increments the high resolution image coiumn index 
to be n = n-2, as described above. Then, con- 
ditional branch point 909 tests to determine if the 
cluster has oeen completed, if the test result in 
step 909 is NO, the cluster has not been com- 
pleted and appropriate ones of steps 
903.904.905.90S and 909 are repeated until either 
step 905 or step 909 yields a YES result. Again, if 
step 905 yields a YES result, the cluster includes 
at least one typically predictable pixel which is an 
exception and step 906 causes the cluster to be 
classified as being classification one by generating 
FLAG = 1 . If step 909 yields a YES result, the 
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duster induces otxeis that are typicaiiy predictable 
without an exception and/ or pixels thai are non- 
typicaily precictabie and operational biock 910 
causes the custer to be classified as being das- 

5 sification zero cy generating FLAG = 0. Thereafter 
step 907 causes the FLAG to be sent as cutout Fi. 
As describee aoove stecs 902 through 910 effect 
the ciassificat en of the individual ciusiers. in accor- 
dance with ascects of the invention. 

?G The remainder cf subroutine CC-T controls the 

encoding of tne oixeis, :. e.. whether or not suc- 
olemenisl info-m =:;on neecs to be encoded for the 
pixeis. To this end, coerational block 911 initializes 
coiumn index n to oe n = 0. Ooeraticnai block 912 

is sets the low -esoiutlon reciica column index ' to be 
i = r. 2. Ccndifc-ai 'zrancr point 913 tests tc deter- 
mine if the ciuste" nas been Classified as classifica- 
tion zero, i. e.. is FLAG = 0. If the test resuit ir stec 
913 is NO, re riuster is a classification one tyoe 

20 and ooeratio-a: obex 914 causes the supotementa 
information tS!1- for the hign resciution pixeis in 
the super pixei corresponding to the current ow 
^solution pixel oeing processed to be encoced. as 
described beicw. Returning tc steo 913, .If the test 

cf -esult is YES. tne cluster ciassification. in tr s ex- 
ample, is ciassification zero and conditional c ranch 
point 915 tests to determine if the curre-; iow 
resciution pixei Li ikA) is typicaiiy predictable. If the 
test resuit in step 915 is No. the pixel is non- 
ce typicaiiy precictabie and steo 914 causes the cor- 
responding succiementai Information (SM) to be 
encoded, as cescribed aoove. If the test resuit in 
step 915 is YES. the pixel is typically predictable 
and. consecuentiy, supplemental information is not 

35 neeced tc be generated. Operational biock 91 c 
causes the coiumn inceM to be incremented to 
n = n-2. Conditional branch point 917 tests to de- 
termine if the duster which in this example in- 
duces pixels in a row, has been completed, :. e.. if 

40 n^N. if the test resuit is NO, appropriate ones o* 
steps 912 through 917 are repeated until stec 917 
yields a YES result. Then, control is returned to the 
main routine of FIG. 3. 

In this examoie, when supplemental information 

J5 is needed tc be encoded that supplemental in- 
formation is representative of the colors of the high 
resolution pixeis s1, s2. s3, and s4. Since it is 
assumed, in this example : that each high resolution, 
pixel can be either biack or white, there are sixteen 

so possible combinations of colors for the high resolu- 
tion pixels. The supplemental information (Sh) be- 
ing generated for the current low resolution pixel is 
a binary number depending on the colors of the 
high resolution pixels s1, s2. s3 and s4. By way of 

55 an example, if si is white. s2 is black, s3 is white 
and s4 is black, the supplemental information to be 
encoded is SI1 =0101 (binary). 

FIG. 1 1 shows, in simplified block diagram 
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form, details of recomposition processor 113-1. 
Since the operation and structure of each of re- 
composition processors 113-1 through 113-3 is 
identicaf, only recorrposilicn processor 113-1 will 
be describee in detail. Accordingly, recomposition 
processor 113-1 incudes duster classifier (CC) 
1101, supplemental information (SI) decoder 1102 
and flag decoder 1 <C3. Lev resolution pixels repre- 
sentative of lev resection reciica 11 are. in this 
example, suopiied :o decomposition processor 
113-1 from prior recomposition processor 113-2. If 
the particular one c: recompesition processors 113 
is the first or an only one in a series, the low 
resolution pixels are obtained from transmission 
network and/or storage unit 103 (FIG. 1) via inter- 
face 110, DMUX n- and decoder 112. Encoded 
suppiementai information 311 is suopiied from 
DMUX 111 (FIG. 1: :o 31 cecocer 11C2 and en- 
coded cluster flag F*. Is aiso suppiied from DMUX 
ill to fiag decoder 1103. SI decoder 1102 must 
be compatible with 31 encoder 303 employed in 
decomposition processors 106. Similarly , flag de- 
coder 11C3 must be :ompaiibie with fiag encoder 
304 also used in oecom position processors 106. 
Preferably, decoders 1102 and 1103 are of the 
arithmetic type which are known in the art. 

CC 1101 is employed, in accordance with an 
aspect of the invention, to determine the classifica- 
tions of the ciusters and, in turn, which pixels in the 
Classified ciusters recuire supplemental information 
to properly recompose the hign resolution pixeis. It 
is noted that for certain cluster classifications sup- 
plemental information is required to recompose all 
of the pixeis therein. To this end, decoded flag Fl 
is supplied from fiag decoder 1103 and oecoded 
supplemental information SI1 is supplied from Si 
decoder 1 1 02 to duster classifier 1101. 

Operation of CC 1101, in accordance with an 
aspect of the invention, is described beiow. In this 
example, it is noted that all the low resolution 
pixels L1(k,l) for tow resolution replica 11 are avail-' 
able and that all high resolution pixels h0(m,n) 
recomposed orior to the current high resolution 
pixel being recomposed are available. 

FIG. 12 is a flow chart of the generic oper- 
ational steps of recomposer processor 113-1 of 
FIG. 1. Accordingly, the operation of CC 1101 is 
begun via start step 1201. Then, operational block 
1202 obtains the parameters of the image to be 
recomposed, for example, the size of the image, i. 
e., the number of rows M and columns N of the 
high resolution image 10 being recomposed, which 
is to be obtained from a prior one of recomposition 
processors 113 or from decoder 103, the number 
of clusters in the image and the size, i. e., the 
configuration of the individual clusters. Operational 
block 1203 causes the next cluster of pixels to be 
read. Operational block 1204 causes subroutine 



CC-RG to be called. Subroutine CC-RG is a ge- 
neric subroutine which determines the classification 
of the cluster and, accordingly, decodes the pixels 
ir the cluster according to the classification. 
= Thus, referring to FIG. 13. there is shown a 

flow chart of subroutine CC-RG. The process is 
entered via step 1 301 . Then, operational block 
-302 causes the fiag asscciatec with the cluster to 
be read. Operational olock 1303 causes the pixels 
::• in the cluster to oe recomposed. I e., decoded 
according to the classification of the cluster. There- 
after control is returned to the main routine of FIG. 
12. Referring again to FIG. 12. conditional branch 
ooint 1205 tests to determine if the image has 
:s been completed. If the test result is NO. steps 
1203 through 1205 are repeated until steo 1205 
y:eids a YES result. Then, the process is ended via 
steo 1206. ■ 

FIG. 14 is a now -hart illustrating operation of 
2Z- ^composition processor 11 3-1 of FIG. 11 for an 
embodiment of the invention. The c;uster configura- 
tion employed in this embodiment of the invention 
is one including hign resolution pixeis in two rows 
and two columns of the high resolution image and 
25 a single row and column of the corresponding low 
resolution replica. Accordingly, the process is be- 
gun via start step 1401. Thereafter, operational 
block 1402 reads the number of rows M and the 
number of columns F\ ! in the imago. Operational 
30 block 1403 initializes the high resolution image row 
and coiumn indices m and n, respectively," to be 
m = n=0. Operational biock 1404 cails subroutine 
CC-R which is employed, in accordance with an 
aspect of the invention, to classify and decode the 
35 ciusters of pixels to recompose the high resolution 
image. Subroutine CC-R is described beiow. Oper- 
ational biock 1405 increments the row index of the 
high resolution image, namely setting m = m +2. 
Conditional branch point 1406 tests to determine if 
-c the image has been completed, namely, if m>M. If 
the test result is NO. steps 1404 through 1406 are 
repeated until step 1406 yields a YES result. Then, 
the process is ended via step 1407. 

FIG. 15 is a flow chart of subroutine CC-R 
-5 illustrating the operation, of one embodiment of the 
invention. Accordingly, the process is entered via 
step 1501. Then, operational block 1502 initializes 
the high resolution image coiumn index to be n=0 
and the low resolution replica row index to be 
so k = m/2. Operational block 1503 causes the cluster 
fiag to be read. Again, in this embodiment of the 
invention, classification FLAG = 0 indicates that the 
pixels in the cluster are typically predictable with- 
out exception and/or non-typicaiiy predictable and 
55 are to be decoded using the general prediction 
rules and the corresponding supplemental informa- 
tion for the typically non-predictable pixels, and 
classification FLAG = 1 indicates that all pixels in 



8 



15 



EP 0 402 016 A2 



16 



the cluster are to be decoded using the corre- 
sponding supplemental information Stl. Operational 
block 1504 sets the iov/ resolution repiica column 
index to be ! = n-2. Conditional branch coint 1505 
tests to determine if the cluster FLAG = 0. if the test 
result in step 1505 is NC, the cluster is a classifica- 
tion one type a~d operational block 1506 causes 
the supplements, information for the pixel to -be 
decoded. That is, the color for high resolution pix- 
els s1, s2. s3 ar.d 54 for the pixel is obtained. If the 
test result in step 1505 is YES, the cluster is of 
classification type zero since FLAG = 0 and the 
pixels therein are either typically predictable with 
no exception or non-typically predictable. Condi- 
tional branch point 1507 tests to determine if the 
current low resolution pixel Li(k.i) being processed 
is typically predictable -as described above in rela- 
tion to step 915 of FiG. ;0). If the test result in steo 
1507 is NO, the pixel 'S non-typicaliy credicrable 
anc step 1506 causes tne suppiemental information 
for the pixe! to oe decooed, as described above. If 
the test result :n step 1507 is YES, the pixel is 
typically predictable and it is decoded in accor- 
dance with the genera: predict ruies. in this exam- 
ple, the color of each cf si, s2, s3. and s4 is set 
ecua! to the color of the current low resolution pixel 
L1(k,i). Operational block 1509 sets the high resolu- 
tion column index to be n=n + 2. Conditional 
branch point 1510 tests to determine if the cluster 
has been completed, namely, if n^N. If the test 
result is NO, the cluster has not been completed 
and appropriate ones cf steps 1504 through 1510 
are repeated until step 1510 yieids a YES result. 
Then, control is returnee to the main routine of FIG. 
14 via step 1511. 

Claims 

1. Apparatus for encoding pixels in the de- 
composition of a high resolution image into a low 
resolution repiica and supplemental information for 
transmission or storage, comprising: 
means for generating low resolution pixels from 
supplied high resolution pixels from an image 
source to obtain said low resolution replica; 
means for interfacing an output from said appara- 
tus to a transmission medium or storage unit; 
the apparatus being CHARACTERIZED BY 
means for obtaining a plurality of iow resolution 
pixels from said low resolution replica in a pre- 
scribed cluster configuration; 

means for obtaining a plurality of high resolution 
pixels from said high resolution image in pre- 
scribed relationship to said low resolution pixels in 
said cluster; 

means for obtaining a group of pixels in a pre- 
scribed relationship to a current low resolution pixel 



from sard cluster; 
• means for utilizing said pixels in said croup and 
prescribed ones of said obtained nch resolution 
pixels for determining in accordance with pre- 

5 scribed prediction criteria if one or more hign reso- 
lution pixels to be recomoosed for said current low 
resolution pixel are non-typically predictable, typi- 
cally oredicrabie and not an exception or typically 
predictable and an exception; 

•q means for classifying said cluster as being a first 
classification if the high resolution pixels being 
recomposed for said current iow resolution pixe! 
are determined to be typically predictable and an 
exception, generating a classification indicator re- 

:5 presentation of said first ciassificaron, and. gen- 
erating supplemental information for si : hign resolu- 
tion pixels corresoending to said 'ow resolution 
pixels in said cluster; 

means for generating supplemental '"formation for 

20 said current low resolution pixel if said one or mere 
high resolution pixels to be recompiled for it are 
determined to be non-typically predictable: 
classifying said cluster as being a second clas- 
sification if none of said high resolution pixels be- 

25 ing recomoosed for said low resolution .pixels in 
said duster is determined to be typically.,' predict- 
able and an exception, generating a classification 
indication representative of said second classifica- 
tion and generating suppiemental information for 

3C said one or more generating a classification indica- 
tion representative of said second classification and 
generating supplemental information for said one or 
mere high resolution pixels to be recomposed for 
said low resolution pixel in said cluster determined 

25 to be non-typically predictable; and 

means for supplying as ah" output said classification 
indication, and said supplemental information, if 
any. 

2. Apparatus for decoding pixels in the recom- 
-o position of a high resolution image from a low 
resolution replica and supplemental .information 
from transmission or storage, comprising: 
means for interfacing said apparatus to a transmis- 
sion medium or storage unit; 
45 means for obtaining low resolution repiica informa- 
tion and supplemental information frcm said means 
for interfacing, 

said apparatus being CHARACTERIZED 3Y 
means for obtaining a plurality of io>v resolution 
so pixels in a prescribed cluster configuration; 

means for obtaining a classification indication for 
said obtained cluster; 

means for obtaining a current iow resolution pixel 
to be processed; 
55 means for obtaining supplemental information for 
said low resolution pixels; 

means for determining a classification of said clus- 
ter; 
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means resconsive to a firs: classification deter- 
mination for using said supplemental information to 
output said high resolution pixels corresponding to 
said current iow resolution pixel and to a second 
classification determination for determining if hiah 
resoiution oixeis being recomposed for said current 
iow resolution oixei are typically predictable; 
means for scpptyir.z as an output ^presentations 
of said nign resoiuiion pixels being -ecomposed in 
accordance with prescribed criteria if said current 
low resolution pixe: is in a c:uster of said second 
classification and is typically predictable and for 
supplying as an cutout h;gn resolution pixels deter- 
mined from said supplemental information if said 
current low resoiuiion pixei is in a cluster of said 
second classification anc non-typically predictable. 

3. Apparatus for encoding pixeis in the pro- 
gressive decomposition cf a high resolution in ace 
into a basic iow resolution repiica and suppiemen- 
tai information, for transmission or storage, com- 
prising: 

means for interfacing an cutout from said appara- 
tus to a transmission medium; 

a plurality of oecomcosition processor means con- 
nected in series, a first one of said decomposition 
processor means in said series being supplied with 
high resolution pixeis from said source and a last 
one of said oecomcosition processor means in said 
series supplying as an output basic iow resolution 
pixels representative of a basic low resolution rep- 
iica. individual ones of said decomposition proces- 
sor means other than said lirsi one. obtaining high 
resolution pixeis from a prior one of said decompo- 
sition processor means in said series, that is. the 
low resolution oixei output from a prior one of said 
decomposition processor .means is a high resolu- 
tion pixel input to the next one of said decomposi- 
tion processor means in said series, each of said 
decomposition processor means including 
means for generating low resolution pixels from 
supplied high resolution pixeis to obtain a iow 
resolution repiica; 

each of said decomposition processor means being 
CHARACTERIZED BY 

means for obtaining a piuraiity of low resolution 
pixeis from said low resoiution replica in a pre- 
scribed cluster configuration. 

means for obtaining a plurality of high resoiution 
pixeis from said high resolution image in pre- 
scribed relationship to said iow resolution pixels in 
said cluster, 

means for obtaining a group of pixels in a pre- 
scribed relationship to a current low resoiution pixel 
from said cluster, 

means for utilizing said pixels in said group and 
prescribed ones of said obtained high resolution 
pixels for determining in accordance with pre- 
scribed prediction criteria if one or more high reso- 



lution pixels to be recomposed for said current low 
resolution pixel are non-typically predictable, typi- 
cally predictable and not an exception or typically 
predictable and an exception, 
5 means for classifying said cluster as being a first 
classification if the high resolution oixeis beino 
recomposed for said current low resolution oixei 
are determined to oy typically predictable anc an 
exceotion. generating a classification indicator re- 
'0 oresentaticn of said first classification, and generat- 
ing- supplemental information for ail of said iow 
resoiution pixeis in said cluster, 
means for generating supplemental information for 
said current low resolution pixel if said one or more 
:5 high resoiution pixeis to be recomoosed for it are 
determined to be non-typically predictable, 
means for Classifying said ciuster as being a sec- 
ond classification if none of said high resoiution 
pixels being recomoosed for saio iow resolution 
20 oixeis in said ciuster is determined to be typically 
oredlctable and an exception, generating a clas- 
sification indication representative of said second 
ciassificatlon and generating supplemental informa- 
tion for said one or' more hign resoiuiion pixels to 
25 be recomposed for said low resolution pixel in said 
ciuster determined to be non-tvoicallv oredictabi- 
ana- 
means for supplying as an output said classification 
indication, and said supplemental information, if 
3C any; and said apparatus being further CHARAC- 
TERIZED 3Y 

means for supplying as an output representations 
of said cluster classification indications from each 
of .said decomposition processor means, represen- 
tations of said supplemental information from each 
of said decomposition processor means and said 
basic low resoiution pixels as an output for trans- 
mission or storage. 

4. Apparatus as defined in claim 3 further :n- 
-*o eluding means for combining said representations 

and said means forlnterfacing interfaces said com- 
bined representations' to a transmission medium or 
storage unit. 

5. Apparatus for decoding pixels in the pro- 
*s gressive recomposition of a high resolution image 

from a basic low resolution replica and supplemen- 
tal' information from transmission or storage, com- 
prising: 

means for interfacing said apparatus to a transmis- 

50 sion medium or storage unit; 

means for supplying basic low resolution pixels 
representative of the basic low resoiution image, 
representations of exception indications and repre- 
sentations of supplemental information from said 

55 means for interfacing; 

a plurality of recomposition processor means con- 
nected in series, a first one of said recomposition 
processor means in said series being supplied with 
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said basic low resolution pixeis and a last one or 
said recomposition orocessor means in said series 
sucplying as an outout high sresoluiion pixels of 
said high resolution image, individual ones of said 
re-composition processor means ether than said 
rirs: one obtaining iow resolution pixeis from a prior 
one of said recomposition processor means in said 
series, that :s. the nigh resolution pixel output from 
a prior one of said '-composition processor means 
m said series 'S the ow resolution pixel input to the 
next one of said recomposition processor means in 
said series, each of said recomposition processors 
being CHARACTERIZED 3Y 

means for obtaining a plurality cf low resolution 
pixeis in a prescribed cluster configuration, 
means for obtaining a classification indication for 
said obtained cluster. 

means for ocraining a current low -esciution oixel 
to be processed. 

means for obtaining supplemental information for 
said low resolution oixels, 

means for Determining a classification of said cius- 

means resoensive :o a first classification deter- 
mination for suoplytng as an output high resolution 
pixeis cetermmed :::m said supplemental informa- 
tion and to a second classification determination for 
determining if high resolution pixels being recom- 
posed for said current low resolution pixel are 
typically predictable. 

means for suopiyinc as an output representations 
cf said high -esoluticn pixels being recomposed in 
accordance with prescribed criteria if said current 
iow resolution pixe: is in a cluster of said second 
Classification and is typically predictable and for 
using said suoolemental information to output said 
hign resolution pixeis if said current low resolution 
pixel is in a cluster cf said second classification 
and non-typicaily predictable; and said apparatus 
being further CHARACTERIZED BY 
means for suoolying representations of high resolu- 
tion pixels from each of said plurality of recom- 
position processors as an output 

6. Apparatus as defined in claim 5 wherein said 
prescribed criteria includes supplying "as an output 
colors for said high resoiuiion pixels being recom- 
posed which are the same as said current iow 
resolution pixel. 

7. A method for encoding pixeis in the de- 
composition of a high resolution image into a low 
resolution replica and supplemental information 
comprising the steps of: 

obtaining pixeis from an image source; 

supplying as an output encoded versions of pixeis 

in the low resolution replica; 

interfacing to a transmission medium or storage 
unit; 

the method CHARACTERIZED BY 



a. obtaining a olurality of iow resolution oix- 
els from said iow resolution replica in a prescribed 
cluster configuration; 

b. obtaining a plurality of high resolution 
5 pixels from said high resolution image in pre- 
scribed relationship to said iow resolution oixels :r. 
said cluster; 

c. ootaining a' grouo of cixeis in a prescribed 
relationship to a current iow ."esotution pixel from 

* o said cluster; 

d. - utilizing pixeis in said group and pre- 
scribed ones of said ootained ~.igh resolution pixeis 
for determining in accordance with prescribed pre- 
diction criteria if one or more high resolution pixeis 

*5 to be recomposec for said current iow resolution 
pixel are non-typicaiiy crecictabie, typically predict- 
able and not an exception or tyoicaiiy predictable 
and an exceotion:' 

e. classifying said cluster as being a first 
20 classification if the hign resolution pixeis beinc 

recomposed ^cr said current iow resolution pixel 
are determined to oe typically predictable and. an 
exception, generating a classification indicator re- 
presentation of said first classification, and generat- 
25 ing supplemental information for all. of said low 
resolution pixels in said cluster; 

f. generating supplemental information for 
said current low resolution pixel if said one or more 
high resolution pixeis to be recomposed for it a r e 

so determined to be non-typically oredictabie; 

g. obtaining a next prescribed group of pix- 
els in prescribed relationship to a next current lew 
resolution pixel in said cluster as in step (c); 

h. repeating steps (d) through (g) until either 
35 ail of said high resolution pixeis in said cluster have 

been determined to be* non-tyoicaily predictable 
and/or typically predictable and not an. exception, 
or at least one high resolution pixel in said cluster 
has been determined to be typically predictable 
jo and an exception: 

i. classifying said cluster as being a second 
classification if none of said high resolution pixeis 
in said cluster is determined to be typically predict- 
able and an exception, generating a classification 

45 indication representative of said second classifica- 
tion and generating supplemental information for 
said one or more high resolution pixeis in said 
cluster determined to be non-typically predictable; 
j. supplying as an output said classification 

so indication, and said supplemental information, if 
any. 

8. The method as defined in claim 7 further 
including the steps of: 

k. obtaining a plurality of low resolution pix- 
55 els from said low resolution replica forming a next 
prescribed cluster; and 

I. repeating steps (b) through (k) until all 
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clusters in said low resolution replica have been 
processed. 

9. The method as defined in claim S wherein 
said step of utilizing includes the steps of; 

m. determining that said one or more high 
resolution pixels to be recomposed from said cur- 
rent low resolution pixel are typically predictable 
and not exceptions if the color of each lev/ resolu- 
tion pixel in said group and the color cf each of 
said high resolution pixels are the same as the 
color of said current low resolution pixel; 

n. determining that said one or more high 
resolution pixels to be recomposed for said current 
low resolution pixel are typically predictable and 
exceptions, if all of said iow resolution pixels in 
said group have the same color as said current low 
resolution pixel and at least one of said high reso- 
lution pixels in said plurality has a eoler not the 
same as said current low resolution pixel; 

o. determining that said one or more high 
resolution pixels being recomposed for said current 
low resolution pixel are non-typically predictable If, 
any one of said iow resolution pixels in said group 
has a color different from said current low resolu- 
tion pixel. 

10. A method for decoding pixels in the recom- 
position of a high resolution image from a basic iow 
resolution replica and supplemental information, 
comprising the steps of: 

interfacing to a transmission medium or storage 
unit; obtaining encoded pixels in the low resolution 
replica and 

supplemental information from the transmission 
medium or storage unit; supplying as an output 
decoded pixels to an image output unit; 
the method CHARACTERIZED BY 

a. obtaining a cluster including a plurality of 
low resolution pixels in a prescribed configuration; 

b. obtaining a classification indication for 
said obtained cluster; 

c. obtaining a current low resoluiion pixel 
from said cluster to be processed; 

d. obtaining supplemental information for 
said current iow resolution pixel, if any; 

e. determining the classification of said clus- 
ter from said classification indication; 

f. if said cluster is of a first classification, 
using said supplemental information to output said 
high resolution pixels being recomposed for said 
current low resolution pixel; 

g. if said cluster is of a second classification, 
determining if, one or more high resolution pixels 
being recomposed for said current iow resolution 
pixel is typically predictable; 

h. if the result in step (g) is NO, using said 
supplement information to output said high resolu- 



tion pixels being recomposed for said current low 
resolution pixel; 

i. if the result in step (g) is YES, supplying in 
accordance with prescribed criteria an output for 
5 said high resolution pixels being recomposed for 
said current low resolution pixel; 

j. repeating steps (c) through i\) until all of 
said iow resolution pixels in said cluster have been 
processed; 

70 k. obtaining a next cluster including said 

plurality of low resolution pixels in said prescribed 
configuration as in step (a); and 

i. repeating steps (b) througn (k) until all of 
said clusters in the low resolution repiica have 

75 been processed. 

11. The method as defined in ciaim 10 v/herein 
the step of interfacing interfaces -he said transmis- 
sion medium or storage unit to obtain said low 
resolution pixels, said classification indications and 

20 said supplemental information. 
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